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Introduction and overview
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A starshade, in principle, is a straightforward concept. The key is to find the right shape

‘ ______ to block a distant star’s light, while letting through the light of a much dimmer planet.
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Starshade flies in formation with Space telescope
Star Starshade telescope, casting a dark shadow

discovermagazine.com
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1. Starshades slews to target star

2. Starshade and telescope align themselves with the target star
3. Telescope detects planets around the target star

4. GOTO: 1) until you run out of fuel

Savransky et al. 2015
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The annoying Arago spotd a near-field diffraction effect

Occulting Aperture

Beam intensity at intermediate distance
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Hypergaussian edges can suppress the Arago spot (W. Cash 2006)

Occulting Aperture

Beam intensity at intermediate distance
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Starshade and telescope must be aligned to within 1 meter at 20-80000 km

A The shadow is only slightly
wider than the telescope
aperture (2.4 m for WFIRST)

A Tolerances
A 1 meter in shear (x, y)
A 250 km in distance (2)

A (If WFIRST is the size of a
pencil eraser, starshade is the
size of a drink coaster
60 miles away)

20 meters
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Exoplanet
S5 Technology Development Plan, Formation Flying Milestone

Starshade Lateral Alignment Testbed validates the sensor 1 m radius <
model by demonstrating lateral offset position accuracy to A=
a flight equivalent of £ 30 cm. Control system simulation
using validated sensor model demonstrates on-orbit lateral
position control to within £ 1 m.

Fiber light Collimator Starshade

source
Camera
~2m -
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A Starshade Lateral Alignment Testbed validates the sensor model by
demonstrating lateral offset position accuracy to a flight equivalent of £ 30
cm

I Sensor performance is demonstrated using numerical simulations and analytic model
I SLATE testbed validates the sensor model and demonstrates sensor function

A Control system simulation using validated sensor model demonstrates on-

orbit lateral position control to within £1 m
I Ahigh-fidelity simulation of the space environment including the testbed-validated lateral sensor
model is developed and validated
I Robust control performance is demonstrated in Monte Carlo simulations
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Sensing
A Showed that the sensor performance predicted by validated simulations meets

requirement with large margin

i To reveal the sensor error, had to increase the stellar magnitudes by more than 2 and 4, thus
the sensor was given a signal between 12x and 75x fainter than expected

A Validated the end-to-end sensing approach with results from the testbed
I Testbed matched conservative (faint) SNR from flight simulations

Control

A Developed a high-fidelity simulation environment including testbed-validated lateral
sensor model

A Demonstrated control of the starshade with the required accuracy over a realistic

observation timescale

i To demonstrate robust control, the sensor error was inflated far above the expected value to
the flight equivalent of £ 30 cm called for in the milestone statement

12
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Lateral sensing
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A Starshades create a very deep shadow in the design band, but this shadow brightens
substantially (~10°) outside these wavelengths

A The shadow has structure that encodes positional information

A Using a pupil sensor to image the shadow and a grid of precomputed shadow images, it
Is possible to determine the relative offset between the Starshade and telescope

NI24 RED science, 72799 ph/m2/s available for guiding
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Radiometry

A Star photons available

A Telescope/detector
efficiency

A Starshade contrast

@ N

Analytic model Numerical model Lab experiment
A Arago spot size formula A Optical propagation code A Laser
A EMCCD noise and format A EMCCD noise and format A Miniature movable starshade
A Centroid precision formula A Monte Carlo simulation A Commercial camera

A Repeated measurements

15
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A Akey question is how much light is detected by the pupil camera, the CGI
low-order wavefront sensor (LOWFES)
A This depends on:
I The stellar photon flux
I The starshade contrast
I The internal optical efficiency of the telescope
I The detector efficiency

A This subsection will review how these numbers are determined

16
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Radiometry

Stellar flux and internal telescope efficiency

Power[W/m?2/nm]
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Stellar models agree to ~few percent with measured solar

irradiance and standard filter zeropoints

ExoPlanet Exploration Progre

- - ~-- CCD QE
/’ TN Optical efficiency
0.8 / ", —— Total efficiency
>.0-6'
@)
c
Q
= 0.41
Y
(i
0.2
0.0
0.3 04 05 06 07 08 09 1.0

Wavelength [um]

Optical efficiency was taken from the coronagraph optical
designers, with further 10% loss assumed 17
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Starshade contrast

A Formation flying does not depend on understanding
contrast to extreme levels of accuracy. Formation
flying operates at the 102 to 10 level

A Starshade shadow contrast was computed using Eric
Cadyodés (JPL) flight st ar s h=&sS= o od e .

A The starshade design code is well validated and
understood

T Princeton testbed results validate the starshade
optical model at better than the 10-1° contrast
level

U Model is more than sufficiently accurate

Ziemer et al 2018 18
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Summary

A Starlight, starshade, telescope, and detector all contribute to the photon budget
A Each of these terms is well understood

A Results will show formation flying performance is robust to efficiency changes
I Main sensitivity is to change to starshade transmission

NI24 RED science, 72799 ph/m2/s available for guiding
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